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Basic Silicon Properties
Silicon Material
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Basic Silicon Properties
Silicon Lattice

TWO-DIMENSIONAL REPRESENTATION OF THE
CRYSTAL LATTICE STRUCTURE OF SILICON
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Basic Silicon Properties
N-Type Silicon

N-TYPE SILICON TWO-DIMENSIONAL CRYSTAL
LATTICE STRUCTURE SHOWING DONOR ATOM
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Basic Silicon Properties
P-Type Silicon

P-TYPE SILICON TWO DIMENSIONAL CRYSTAL
LATTICE STRUCTURE SHOWING ACCEPTOR ATOM
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Basic Silicon Properties
Junction

P-N JUNCTION FORMATION
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Basic Silicon Properties

Rectify Diode

DIODE ACTION
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Basic Silicon Properties
Diode Detector

e P-type: 0.1nm
e N-type: 200-500nm
o W=(2e,V/gNd)Y?
Nd=1/gn
r =W?/(2enV)
V~100V, W~300mm, |
r ~3kWem P




Basic Silicon Properties
|-V Characteristic of Detector
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Device processing requires high

Wafer Preparation

quality wafers:

Hat
Smooth
Uniform
Clean
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Wafer Preparation
From Ingot to Wafers

STARTING MATERIAL
THE MAKING OF A SILICON WAFER

Quarte

crucible with

polysilicon
charge

: Saw
Crystal Pulled crystal {sawing ingot into walers)
growth {shaping of ingot)

=, 4,0~ P,

Edge grind

{edge smoothing)

Palish

Lapper

(high gloss fimish)
iflatness)
Waters
Clean bench hATh: eepct Ship

(LP)

{particle/metal removal)
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Wafer Preparation

Cleaning

 Mechanical cleaning
— Spray rinsing
— High pressure jets
— High speed scrubbing
e Chemical cleaning
— RCAI (NH,OH:H,0,:H,0)
— RCAIl (HCL:H,0,:H,0)
» Mechanical-chemical cleaning
— Megasonic +Chemicals
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Wafer Preparation

Contaminants

 Heavy metal
— Fe, Cu, NI, Zn, Cr, Au, Hg, Ag (They create
trapping sites and lower the performance.)
o Alkall metals
— Na, K (They create positive ions)
e Light elements
— Al, Mg, Ca, C, Cl, F (Less serious)
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Wafer Preparation

Chemical Solutions

PARTIAL LIST OF SILICON WAFER CLEANING SOLUTIONS

Chemical Purpose or
Solution Symbols Common Name PR il s

Ammonium hydroxide/ MNH40H/H,02/H-0 RCA-1. SC-1 (Standard Light organics, particles,
hydrogen peroxide/ Clean-1), APM {ammo- and metals; protective
water nia/peroxide mix), oxide regrowth

Huang A
Hydrochiloric acid/ HCI/H;0./H-0 RCA-2, SC-2 (Standard Heavy metals, alkalis,
hydrogen peroxide/ Clean-2), HPM {(hydro- and metal hydroxides
water chloric/peroxide mix),

Huang B
Sulturic acid/ HoS04/H0, Piranha, SPM (sulfuric/ Heavy organics
hydrogen peroxide peroxide mix), "Caros

acid”
Hydrofluoric acidiwater HF/H, O i HF, DHF (dilute HF) Silicon oxide
Hydrofluoric acid/ HF/NH4F/H,O BOE (buffered oxide Silicon oxide
ammonium fluoride/ etch), BHF (buffered hy- |
water drofluoric acid) i
Nitric acid HNO3 — Organics and heavy

metals

Potassium Hydroxide KOH o Silicon
Hydrofluoric and/ , SR
Nitric acid HF/HNO, i M Silicon; Glass
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Oxidation Process

« Silicon Dioxide (S10O,) provides
— High quality insulating barrier
— Impurity-diffusion barrier
— Passivation
— Gettering of impuritiesin S
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Oxidation Process

SILICON DIOXIDE GROWTH KINETICS

Heat

Oo Source

Direction Of

L]

~ Original Silicon
Surface

Silicon-silicon Dioxide
Interface

* Thin oxide proportional to oxidation time
* Thick oxide proportional to square root of oxidation time
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Oxidation Process
Thickness

For long time growth

Xo:\/Et

B: parabolic rate constant
. time
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Oxlidation Process
|mportant Influence

Temperature control

Crystal orientation

Dopant concentration

Ambient in the process chamber
Concentration of Chlorine added to ambient
Pressure of chamber

Post oxidation anneal

Prior operation
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Oxidation Process
Parameters

o Slower growthin dry --
oxygen results in a denser, r ____
higher quality oxide

e Theaddition of chlorine
during oxidation improves
oxide quality

* Oxidethickness can be

estimated by the color or
other techniques.
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Oxidation Process
Our Parameters

* Dry oxygen grown ' s '
oxide (32hr) i

e 0.5 TCA
e About 0.5um thick

(wafer about 200-
500um)
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Photolithography Process

* Produces optical imagesin alight sensitive
film (Photoresist)

* Images are reproduction of photomask

 |tisan integration of stepswhich strongly
Influence one another:

— Photoresist and application
— EXposure
— Develop
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Photolithography Process

Fowchart

Photoresist
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Photolithography Process

BASIC PHOTOLITHOGRAPHY

b A

Photomask [ G e e

Area of Photoresist
exposed and developed
away
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Photolithography Process

Choice of Photoresist

Characleristic | Positive Resist MNegative Resist
Exposure - Maolecular changes parmit Rely upon crosslinking for image
i dissolution of exposed regions. i tormation.

Molecular Weight MNo molecular weight changes — High molecular weight products

Oxygen Sensilivity

chemical change in non-image
areas.

Mo oxygen sensitivity.

Removal

Step Coverage

Chemical Stability

| Excellent chemical stability and
goc)d filtration flow rates.

Easy removal, as no high

|
|
I
|
) 2
|
molecular weight products present. !

formed during exposure,

Have oxygen sensitivity, causing
e:cposu'a probrems

Are difficult to remove, due to hhgh

molecular weight.

Developing

Coating Thickness

and Resolution

| Coating thickness can be equal to
| -or greater than minimum image

Aqueaus develaplng the image is
unaffected by the developer.
Disposal is relatively simple.

size.

Excellent, as thick coatings can be
used,

Cost

Have marginal chemical stability
causmg low filtration flow rates.
Solvent d&vemping resulting in
image swelling. Also, disposalis
maore difficult.

A e S

Coating thickness must be 1/3 the

| minimum image size.

| Marginal, due to thin coating

limitations,

Higher cost than negative resist.

Relatively inexpensive.
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hotolithography Process
Method of Softbake

IR waves
5 > \ Solvent |

Hesist
Wafer
Convection Infared
Microwaves
) J
) Solvent b
b/ Ay Y
§ lI 4 “ o
Hesist
Waler

Conduction Microwave
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Photolithography Process

Exposure Technologies

CONTACT PRINTER OPTICAL CONFIGURATION

Mitrar

Mermcury Lamp “
W s Emulsion Mask
Condenser Lens 4
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PROXIMITY PRINTER OPTICAL CONFIGURATION
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Photolithography Process
‘Industry Technology

COMPARISON OF STEP AND REPEAT
VERSUS STEP AND SCAN

Wafer

<

STEP AND SCAN SYSTEM
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Photolithography Process

Spectrum

PART OF THE ELECTROMAGNETIC SPECTRUM

Frequencies (Hz)

1014 1018 1018 1017 108
il il d |

Visible Light
Region

Ultraviolet X-Rays
o Y BB |
1079 1077 107® 1077 10710
1 0.1y 0.01y 0.001y 0.0001y

Wavelength (m)

il
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Photolithography Process
Advanced Technology

 Direct eectron beam writing
— Munch higher precision, higher resolution
— Lower throughput
— Complicated, expensive
e Projection e-beam
— Higher throughput
« X-ray lithography
— Difficult to precisely focus (very high theoretical
resolution)
— Masks must block x-rays yet maintain resolution
— X-ray hazards 30



Photolithography Process
Industry Trend

MOORE'S LAW: MOSFET SCALING

Length or thickness{pum)

30
Minimum feature length
10 S -
1 -10,000A
Junction depth
o]
3 e L 1,000A
o
Gate oxide
thickness
0.01 : - 100A
{~13% reduction per year)
0.004 : . i I 40A
1960 1970 1980 1990 2000
Year
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Photolithography Process
Our Data

Photoresist: Positive, S1811 (Shipley)
— 0.5Mm~2.5nm

Softbake: Hotplate contact or proximity

Exposure: Proximity and Contact print,
ultraviolet light

Developer: MF-312 (Shipley)
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Etching Process
Basic Etching techniques

* Wet etching
— Chemical solution
— |sotropic
e Dry etching
— Chemical gas
— Anisotropic

Window Formed By Developing

- — He sist

! || il

’ il e -——  Subsirate
(A} BEFORE ETCHING

e Hasisl

SR -« Fin:

7 - Sihstrate

-———  Resisi

e Eilim

T e gyhatyate
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Etching Process
Wet Etching

o Advantages

— Low cost

— Reliable

— High throughput
« Disadvantages

— |sotropic

— Resist adhesion

— Non-uniformities




Etc
Etc
Etc
Etc

Etching Process
Chemicals

ning SIO,: HF solution
ning Al: HNO,;+H,PO,+C,H,O, solution
ning SI: HNO;+ HF solution

ning SI;N,:H,PO, solution
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Etching Process
Dry Etching

o Advantages
— Anisotropic
— Lesschemicals
« Disadvantages
— Complex equipment
— Costly

36



lon Implantation Process

* Introduces dopants as ions at controlled
energies
— Profile isdetermined by ion energy

— Dose Is accurately measured from beam current
and known scan areas

— lon species is selected by mass analyzer

— Process is at room temperature permitting the
use of photoresist for masking
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lon Implantation Process
|mplanter

CONFIGURATION OF A TYPICAL 200KeV ION IMPLANTER

G -—1'1 50kV
i e Neutral Beam Trap
i and Beam Gate Beam Irap and
‘ Ground / Gate Plate
Resol Aperture
it \ g EEET / Neutral Beam and
| B o T Beam Path Gated
| .. .
_# ey | e ErtatlE " L'=-,h:r’ i
hr _,_:.J' ‘\ [ y 3 bl ‘:_" ----- ‘—-1-.}_1‘_“15 ; i i
, f 90 Analyzing !t [ \\ e L . ;

;-‘ Magnet L | ! Eoole j By, d

/B i o L f

_.___“_1:,___..__.: \ Scanner i
o L Acceleration Al
Source } | Tube Vacuum Scanner
| | I
i s , i System Water in
Terminal - ' Wafer Process

Ground = | Chamber
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lon Implantation Process

« Advantages

Precise dose control

Extremely pure dopant beam

Small lateral distribution

Inject through a surface protective layer
Multiple implants

Highly abrupt junctions

Low temperature process

* Disadvantages

Surface damage
Expensive and complex equipment
L ow throughput

— Shallow implantation depth for heavy atoms
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lon Implantation Process
Post Implant Anneal

High temperature 0
nrocess (600~1100 c) LR
Repalrs damage B e

Electrically activates L

¢ @ T L L e
L ' @ ' ®
dopants Ilbrei ]
® & 9 S e S e
i |
Ambient:O,, N,, N,O R
len ‘" |
. , ’ ’ impianted Doplants | S
2 2 2 |
Ar * o990 0 &
L Jee e e @ @ &
| ® 89
L e _fn e
* Dopa Silicon Sites
Dop: Activatec
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Metalization Process

e Provides contacts and interconnections
* Requirement
— Low resistance “ohmic” contacts

— Low shest resistance
— Rdliable interconnections

41



Metallization Process
Choice of Metal

e Advantagesof Al
— Inexpensive
— Ease of forming contacts
— Excellent adherenceto S and SIO,
— Low bulk resistivity (2.7 mA~cm)
— Excellent bondability
— Easy to process

o Disadvantages
— Spiking
— Not sustain higher temperature over 450 °C
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Metalization Process
Spiking

Thin Natural
Oxide Layer

Aluminum Film ~1.m Thick

Silicon Oxide ~Ya2um T hick 1

Silicon v
Diffused or

(a) Initial Condition Impilanted Junction

Sm ——-—-|

}
I

{b) After 2 min at 450°C v

(Shaded area indicates silicon dissolution in the aluminum film)

A AT

(c) After 1 min \___/

SIS IIIT

{d) After S min

Spikes have penetrated
junction, destroying
the device



Metalization Process
Sputtering

CATHODE
WORKING
GAS FEED \

=] W g Syt

GROUND
SHIELD

TARGET

ION FLUX
POWER
SPUTTERED SUPPLY
FLUX
+
PLASMA
ANODE
SUBSTRATES : VvACUUM
CHAMBE R
TO VACUUM

PUMPS -



Metalization Process
Sintering

* To ensure good contact formation, Al Is
normally sintered at 450°C following
deposition and patterning

e S diffusesinto the Al during sintering. The
diffusion may cause spiking

e To prevent spiking
— use Al-Si aloy (~1% Si)



Flowchart of The Detector Process

-— 2 --S5I WAFER

OXIDE PASSIVATICN

OPENING GQF WINDOWS

DOPING BY I1ON IMPLANTATION
B : 15kévV 5x10™ em—2
As : 30keV 5x107 cin—2

ANNEALING AT 600°C, 30 MIN

AL METALLIZATION

AL PATTERNING AT THE FRONT

AL -REAR CONTACT
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Our Facility and Products

e Class 100 cleanroom, equipments,
simulation tools, mask design tools and

testing equipments.

o Strip, Pad, Drift chamber, Pixel and Active
matrix detector

 We arethe only onein this business
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Basic Silicon Properties
Silicon Structure
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Oxide Thickness {microns)

Oxidation Process

Temperature influence
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49



Oxidation Process

TYPICAL SEMICONDUCTOR FURNACE TUBE
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Photolithography Process

Industry Trend

IC FEATURE SIZE TRENDS
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Strip Detector
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Drift Chamber Detector
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Sputter
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